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Abstract
Objectives Many previous studies have investigated relationships between men’s com-
petitiveness and testosterone. For example, the extent of changes in men’s testosterone
levels following a competitive task predicts the likelihood of them choosing to compete
again. Recent work investigating whether individual differences in men’s testosterone
levels predict individual differences in their competitiveness have produced mixed
results.
Methods In light of the above, we investigated whether men’s (N = 59) scores on the
Intrasexual Competitiveness Scale were related to either within-subject changes or
between-subject differences in men’s salivary testosterone levels.
Results Men’s responses on the Intrasexual Competitiveness Scale did not appear to
track within-subject changes in testosterone. By contrast with one recent study, men’s
Intrasexual Competitiveness Scale also did not appear to be related to individual
differences in testosterone.
Conclusions Our results present no evidence for associations between men’s testoster-
one and their responses on the Intrasexual Competitiveness Scale.
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Introduction
Results of several studies suggest that increases in men’s testosterone levels due
to competitive tasks are associated with increases in their intrasexual compet-
itiveness (reviewed in Zilioli and Bird 2017). For example, men whose testos-
terone levels increased after competing against another man on a laboratory task
(the Point Subtraction Aggression Paradigm, see Geniole et al. 2017 for a
review of this method) were more likely to choose to compete again than were
men whose testosterone levels did not increase after competing on the initial
task (Carré and McCormick 2008). Similarly, the extent to which men’s testos-
terone increases after losing a competitive task against another man is positive-
ly related to their willingness to compete again (Carré et al. 2009; Mehta and
Josephs 2006). These effects can be modulated by the decisiveness of the
victory (Mehta et al. 2015a) and/or men’s aggressiveness (Carré and
McCormick 2008).
More recently, it has been hypothesized that some associations between
testosterone and competition-related behaviors are moderated by cortisol (see
Mehta and Prasad 2015, for a discussion of evidence for this BDual Hormone
Hypothesis^). For example, Mehta et al. (2015b) found that behavior in a
competitive bargaining game was predicted by the interaction between changes
in testosterone and cortisol in a sample of men and women. When cortisol
decreased, testosterone increases led to greater earnings (Mehta et al. 2015b).
By contrast, when cortisol increased, testosterone increases led to poorer earn-
ings (Mehta et al. 2015b). Given these results, failure to consider the moder-
ating role of cortisol could explain null and negative results for relationships
between testosterone and competition-related behaviors in some studies (Mehta
and Prasad 2015).
The studies described above investigated effects of competition-induced
changes in testosterone on competitiveness. Other studies have investigated
putative correlations between individual differences in men’s competitiveness
and testosterone. Results from these studies have been mixed, however.
Apicella et al. (2011) found no evidence that men with higher testosterone
levels showed greater competitiveness (measured by rate of self-selection into a
competitive setting). Arnocky et al. (2018) recently reported that men with
higher testosterone scored higher on Buunk and Fisher's (2009) Intrasexual
Competitiveness Scale. Buunk and Fisher (2009) defined intrasexual competitiveness
as viewing Bconfrontations with same-sex individuals, especially in the context of
contact with the opposite-sex, in competitive terms^.
The aim of the current study was to investigate whether within-subject changes in
reported intrasexual competitiveness tracked within-subject changes in men’s testosterone
levels. Since we collected these data, Arnocky et al. (2018) published their article.
Consequently, we also used our data to test whether men reporting greater intrasexual
competitiveness would have higher testosterone levels. Like Arnocky et al. (2018), we
assessed intrasexual competitiveness using Buunk and Fisher's (2009) Intrasexual
Competitiveness Scale.
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Methods
Participants
Fifty-nine heterosexual men participated in the study (mean age = 22.06 years, SD =
3.24 years). None of these men were currently taking any form of hormonal supplement
or had taken any form of hormonal supplement in the 90 days prior to participation.
Participants took part in the study as part of a larger project investigating hormonal
correlates of voice and face perception (Kandrik et al. 2016, 2017).
Procedure
Participants completed up to five weekly test sessions, which took place between 2 pm
and 5 pm to minimize diurnal variation in hormone levels (Papacosta and Nassis 2011).
Fifty-five of the participants completed more than one test session, with forty-seven of
the participants completing all five test sessions.
During each test session, participants provided a saliva sample via the
passive drool method (Papacosta and Nassis 2011). Participants were instructed
to avoid consuming alcohol and coffee in the 12 h prior to participation and to
avoid eating, smoking, drinking, chewing gum, or brushing their teeth in the 60 min
prior to participation.
In each test session, participants also completed Buunk and Fisher's (2009)
Intrasexual Competitiveness Scale (M = 2.95, SD = 0.98; reliability: Cronbach’s al-
pha = 0.86). The Intrasexual Competitiveness Scale is a 12-item questionnaire on which
participants indicate how applicable each item is to them using a one (not at all
applicable) to seven (completely applicable) scale. Example items include, BI want to
be just a little better than other men^ and BI tend to look for negative characteristics in
men who are very successful^. Scores on individual items are averaged to produce an
overall score. Higher scores on this scale indicate greater intrasexual competitiveness.
The order in which participants provided saliva samples and completed the question-
naire was fully randomized. Like Arnocky et al. (2018), these data were collected as
part of a larger project. The project was approved by University of Glasgow’s
Psychology Ethics Committee.
Assays
Saliva samples were immediately frozen and stored at −32 °C until being shipped, on
dry ice, to the Salimetrics Lab (Suffolk, UK) for analysis. There they were assayed
using the Salivary Testosterone Enzyme Immunoassay Kit 1–2402 (M =
177.5 pg/mL, SD = 42.2 pg/mL, sensitivity<1.0 pg/mL, intra-assay CV =
4.60%, inter-assay CV = 9.83%) and Salivary Cortisol Enzyme Immunoassay Kit 1–
3002 (M = 0.19 μg/dL, SD = 0.11 μg/dL, sensitivity<0.003 μg/dL, intra-assay CV =
3.50%, inter-assay CV = 5.08%).
Hormone levels more than three standard deviations from the sample mean
for that hormone or where Salimetrics indicated levels were outside the
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sensitivity range of the relevant ELISA were excluded from the dataset (<1% of
hormone measures were excluded for these reasons; one cortisol value and four
testosterone values). The descriptive statistics given above do not include these
excluded values.
For current hormone levels, values for each hormone were centered on their subject-
specific means to isolate effects of within-subject changes in hormones. They
were then scaled so the majority of the distribution for each hormone varied
from −.5 to .5 to facilitate calculations in the linear mixed models. To calculate
average hormone levels, the average value for each hormone across test
sessions was calculated for each man. These values were then centered on their
grand means and scaled so the majority of the distribution for each hormone varied
from −.5 to .5. Plots of these values are given in our Supplemental Materials
and show no evidence of skew.
Analyses
We used a linear mixed model to test for possible effects of hormone levels on reported
intrasexual competitiveness. Analyses were conducted using R version 3.3.2 (R Core
Team 2016), with lme4 version 1.1–13 (Bates et al. 2014) and lmerTest version 2.0–33
(Kuznetsova et al. 2013). Data files and analysis scripts are publicly available at
https://osf.io/abqun/.
Results
The dependent variable was Intrasexual Competitiveness Scale score. Predictors were
current testosterone, current cortisol, and their interaction, and average testosterone,
average cortisol, and their interaction. No covariates were included in the model.
Random slopes were specified maximally following Barr et al. (2013) and Barr
(2013). Full model specifications and full results for each analysis are given in our
Supplemental Information. Results are summarized in Table 1. There were no signif-
icant effects.
We also collected and analyzed anxiety questionnaire data. These analyses are
reported in our Supplemental Materials and show that men reported greater anxiety
in test sessions where their cortisol levels were high.
Table 1 Summary of results for men’s hormone levels and reported intrasexual competitiveness
Estimate Std. Error df t p
Current testosterone 0.053 0.227 38.280 0.235 0.815
Current cortisol 0.094 0.216 34.620 0.434 0.667
Current testosterone x Current cortisol 2.565 1.566 162.41 1.637 0.103
Average testosterone 0.389 0.647 60.290 0.601 0.550
Average cortisol −0.221 0.865 61.430 −0.256 0.799
Average testosterone x Average cortisol −4.421 3.029 59.540 −1.460 0.150
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Discussion
Our analysis of men’s reported intrasexual competitiveness revealed no significant
relationships between reported intrasexual competitiveness and men’s hormone
levels. We found no evidence that within-subject changes in men’s reported
intrasexual competitiveness tracked changes in men’s current testosterone, cur-
rent cortisol, or their interaction. We also found no evidence that between-
subject differences in reported intrasexual competitiveness were related to men’s
average testosterone, average cortisol, or their interaction. These latter null
results are noteworthy because they do not replicate Arnocky et al.’s (2018) recent
finding of a positive correlations between reported intrasexual competitiveness and
testosterone level.
There are several limitations to our study that should be acknowledged. First,
the order in which participants completed the questionnaires and provided
saliva samples was randomized, rather than being controlled. This was also
the case in Arnocky et al. (2018). Reducing noise associated with the order in
which participants completed these two components of the study might yet
reveal links between hormone levels and men’s reported intrasexual competi-
tiveness not apparent in the current study. Second, although previous studies
have detected within-subject changes in reported intrasexual competitiveness
using the Intrasexual Competitiveness Scale (Buunk and Massar 2012; Cobey
et al. 2013; Hahn et al. 2016), it is possible that it is better suited to detecting
hormone-linked individual differences than it is to detecting hormone-linked
within-individual differences. Further work investigating changes in competi-
tiveness using other methods may yet reveal hormone-linked changes not apparent in
the current study. Third, although we do not replicate Arnocky et al.’s (2018) results for
individual differences in testosterone and intrasexual competitiveness, they had a larger
sample that we did (92 men vs 59 men).
Previous research has suggested that women’s intrasexual competitiveness increases
when their testosterone levels are high (Cobey et al. 2013; Hahn et al. 2016). By
contrast, we found no evidence that intrasexual competitiveness tracked changes in
men’s testosterone levels. These two studies (Cobey et al. 2013; Hahn et al. 2016) used
the same Intrasexual Competiveness Scale as our current study. Further work is needed
to establish whether the differences in these results reflect a sex difference in the effects
of testosterone on intrasexual competitiveness, a false negative in the current study, or
false positives in the studies of women’s intrasexual competitiveness. Nonetheless, our
null results provide little support for the Challenge Hypothesis of testosterone and
competition in men.
In conclusion, we found no evidence that men with higher testosterone levels
scored higher on the Intrasexual Competiveness Scale. Moreover, because we
also found no evidence that within-subject changes in scores on this measure
tracked changes in testosterone, it is unlikely that the null result is due to
testosterone-linked within-subject changes in responses obscuring the between-
subject relationship. Of course, these results may not necessarily generalize to
other measures of competition in men, which may be related to testosterone in
other ways. Further work using a wider range of competition measures would
clarify this issue.
Adaptive Human Behavior and Physiology (2018) 4:321–327 325
Acknowledgements This research was supported by an ERC grant awarded to BCJ, and ESRC studentship
awarded to MK.
Compliance with Ethical Standards
Conflict of Interest On behalf of all authors, the corresponding author states that there is no conflict of
interest.
Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and repro-
duction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were made.
References
Apicella, C. L., Dreber, A., Gray, P. B., Hoffman, M., Little, A. C., & Campbell, B. C. (2011). Androgens and
competitiveness in men. Journal of Neuroscience, Psychology, and Economics, 4, 54–62.
Arnocky, S., Albert, G., Carré, J. M., & Ortiz, T. L. (2018). Intrasexual competition mediates the relationship
between men's testosterone and mate retention behavior. Physiology & Behavior, 186, 73–78.
Barr, D. J. (2013). Random effects structure for testing interactions in linear mixed-effects models. Frontiers in
Psychology, 4, 328.
Barr, D. J., Levy, R., Scheepers, C., & Tily, H. J. (2013). Random effects structure for confirmatory hypothesis
testing: Keep it maximal. Journal of Memory and Language, 68, 255–278.
Bates, D., Maechler, M., Bolker, B., & Walker, S. (2014). lme4: Linear mixed-effects models using Eigen and
S4. R package version, 1, 1–13.
Buunk, A. P., & Fisher, M. (2009). Individual differences in intrasexual competition. Journal of Evolutionary
Psychology, 7, 37–48.
Buunk, A. P., & Massar, K. (2012). Intrasexual competition among males: Competitive towards men,
prosocial towards women. Personality and Individual Differences, 52(7), 818–821.
Carré, J. M., & McCormick, C. M. (2008). Aggressive behavior and change in salivary testosterone
concentrations predict willingness to engage in a competitive task. Hormones and Behavior, 54,
403–409.
Carré, J. M., Putnam, S. K., & McCormick, C. M. (2009). Testosterone responses to competition
predict future aggressive behaviour at a cost to reward in men. Psychoneuroendocrinology, 34,
561–570.
Cobey, K. D., Klipping, C. B., & P, A. (2013). Hormonal contraceptive use lowers female intrasexual
competition in pair-bonded women. Evolution and Human Behavior, 34, 294–298.
Geniole, S. N., MacDonell, E. T., & McCormick, C. M. (2017). The point subtraction aggression paradigm as
a laboratory tool for investigating the neuroendocrinology of aggression and competition. Hormones and
Behavior, 92, 103–116.
Hahn, A. C., Fisher, C., Cobey, K. D., DeBruine, L. M., & Jones, B. C. (2016). A longitudinal
analysis of women’s salivary testosterone and intrasexual competitiveness. Psychoneuroendocrinology,
64, 117–122.
Kandrik, M., Hahn, A. C., Wincenciak, J., Fisher, C. I., Pisanski, K., Feinberg, D. R., DeBruine, L. M., &
Jones, B. C. (2016). Are men’s perceptions of sexually dimorphic vocal characteristics related to their
testosterone levels? PLoS One, 11, e0166855.
Kandrik, M., Hahn, A. C., Fisher, C., Wincenciak, J., DeBruine, L. M., & Jones, B. C. (2017). Are
physiological and behavioral immune responses negatively correlated? Evidence from hormone-linked
differences in men's face preferences. Hormones and Behavior, 87, 57–61.
Kuznetsova, A., Brockhoff, P. B., & Christensen, R. H. B. (2013). lmerTest: Tests for random and fixed effects
for linear mixed effect models (lmer objects of lme4 package). R package version 2.0–33.
Mehta, P. H., & Josephs, R. A. (2006). Testosterone change after losing predicts the decision to compete again.
Hormones and Behavior, 50, 684–692.
Mehta, P. H., & Prasad, S. (2015). The dual-hormone hypothesis: A brief review and future research agenda.
Current Opinion in Behavioral Sciences, 3, 163–168.
326 Adaptive Human Behavior and Physiology (2018) 4:321–327
Mehta, P. H., Snyder, N. A., Knight, E. L., & Lasseter, B. (2015a). Close versus decisive victory moderates the
effect of testosterone change on competitive decisions and task enjoyment. Adaptive Human Behavior &
Physiology, 1, 291–311.
Mehta, P. H., Mor, S., Yap, A., & Prasad, S. (2015b). Dual-hormone changes are related to bargaining
performance. Psychological Science, 26, 866–876.
Papacosta, E., & Nassis, G. P. (2011). Saliva as a tool for monitoring steroid, peptide and immune markers in
sport and exercise science. Journal of Science and Medicine in Sport, 14, 424–434.
R Core Team. (2016). R: A language and environment for statistical computing. Vienna, Austria: R
Foundation for Statistical Computing.
Zilioli, S., & Bird, B. M. (2017). Functional significance of men’s testosterone reactivity to social stimuli.
Frontiers in Neuroendocrinology, in press, 47, 1–18.
Adaptive Human Behavior and Physiology (2018) 4:321–327 327
